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Abstract. We investigate the time-dependent electronic transport in single- walled 
carbon nanotubes (SWCNTs) functionalized with Au clusters during CO gas 
adsorption. Using a tight-binding Hamiltonian and the nonequilibrium Green's 
function (NEGF) formalism the time-dependent zeroth and first order contributions 
to the current are calculated. The zeroth order contribution is identified as the time- 
dependent Landauer formula in terms of the slow time variable, whereas the first 
order contribution is found to be small. The conductance is explicitly evaluated by 
considering a form for the hopping integral which accounts for the effect of dopants 
on the charge distribution and the carbon-carbon distance. The effect of dopants is 
also studied in terms of fluctuations by calculating the autocorrelation function for the 
experimental and theoretical data. These calculations allow direct comparison with the 
experiment and demonstrate how the presence of dopants modifies the experimentally 
measured conductance of the SWCNT and provide the only study of fiuctuations in 
the sensor response in terms of the autocorrelation function. 
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1. Introduction 

Since the discovery of carbon nanotube (CNT) in 1991 [Ij, CNT has achieved a special 
identity in the field of nanoscience. CNT has emerged as a promising nanostructure 
material with a range of extraordinary properties [2]. The unique ID structure of 
SWCNTs gives rise to electrical and chemical properties that have led to keen interest 
in many research communities and sensor industries. This has led to the development 
of CNT-based chemical sensors that can result in many societal benefits and daily life 
applications ranging from healthcare, environment to industry. The chemical sensing 
capabilities of CNT sensors can be improved by their functionalization. Studies have 
shown CNTs functionalized with metal nanoparticles (NPs) exhibit unique sensitivity 
toward various gases [21 HI [5l El [TJ [H [9l [10]. It is observed that the sensing capability of 
metal NP-decorated CNTs is based on the changes in their electronic properties induced 
by charge transfer from gas molecules upon adsorption on the NP surface. Such changes 
can be easily detected by measuring electron current signals, and these properties make 
CNTs a miniature sensor sensitive to their chemical environment. Despite path breaking 
experiments on CNTs for gas sensing applications [HI HI |5l El El El El [10], the underlying 
mechanism of gas detection in experiments still needs to be understood properly. 

This work is focused on the theoretical understanding of the electronic transport 
in Au functionalized SWCNT during CO gas adsorption. The work addresses how 
the functionalization of SWCNTs with Au2o cluster affects their electronic transport 
properties when used for CO gas detection. Electronic transport in such systems is 
divided into stationary and time- dependent phenomena. The results of stationary 
transport in low- dimensional systems using the nonequilibrium Green's function 
(NEGF) formalism have been reported in the literature [HI [121 [131 [H] . Wingreen et al. 
[15] introduced a general formulation for time-dependent transport through mesoscopic 
structures by applying external time-dependent voltages. Kienle et al. [16] studied the 
time- dependent quantum transport through a ballistic CNT transistor in the presence 
of a time harmonic signal, while Hernandez et al. [17] presented their study of time- 
dependent electronic transport through a quantum dot using the NEGF formalism. 
But these studies have never dealt with functionalized CNT sensors. The present work 
distinguishes from previous studies [IHl [161 IE] in that an analytical treatment is chosen 
to study the sensing behaviour of the functionalized CNTs. In this work, the time- 
dependence arises because of the interaction of CO molecules with the Au-SWCNT 
at each instant of time, not because of externally applied time-dependent potentials. 
The microscopic understanding of the experiment [10], i.e., the sensor response of the 
Au-decorated SWCNT as a function of CO gas exposure time involves building up a 
theoretical model of the Au-SWCNT to study its electronic transport properties, and 
develop a connection between the theoretical predictions and experimental observations. 

The experiment was performed for many Au clusters (of different dimensions) with 
30 minutes of exposure to 2500 ppm CO gas at room temperature and a bias voltage 
of 0.5V [To]. To model the electronic transport through the Au-SWCNT system on CO 
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adsorption, the calculations are performed for a defective (14,0) SWCNT decorated with 
a Au2o cluster. The model considered in the calculations is based on the tight-binding 
(TB) Hamiltonian which describes electrons in SWCNT. The Au2o-SWCNT system is 
a nonequilibrium system because of the different chemical potentials on the left and 
right electrodes and the interaction of CO molecules with the Au-SWCNT complex at 
different times. Thus, we use the NEGF formalism to study the electronic transport 
in the system. In this formalism, we consider two time scales, a slow time scale (f) of 
the CO gas flow and a fast time scale {t — t') of electron transport inside the SWCNT. 
Hence, an adiabatic expansion with respect to i and Fourier transform with respect to 
(t — t') are made in the calculations to compute the current. The zeroth order current 
is identified as the time-dependent Landauer formula in terms of t, whereas there is a 
first order contribution which is found to be small for this system. We derive an explicit 
formula for the transmission function and calculate the conductance in terms of the time- 
dependent hopping integral. The sensor response is exphcitly calculated and compared 
with the experiment by choosing a form for the hopping integral which includes the 
effect of the Au and CO molecules on the conductance of the carbon nanotube. Our 
theoretical result is in agreement with the experimental result. As far as we know, there 
has not been much effort to microscopically model the functionalized CNT sensors to 
study the time-dependent quantum transport. The autocorrelation function (ACF) is 
also calculated using the conductance formula and the experimental data to study the 
fluctuations in the sensor response. Hence, this manuscript represents an important 
contribution to the field. 

2. Tight-binding model and its operation 

Figure 4(d) of [10] shows the adsorption configuration of nine CO molecules attached to 
an Au2o cluster on a semiconducting (14,0) SWCNT with a missing carbon atom defect. 
The adsorption configuration demonstrates that the Au atoms of the cluster affects 
only a few nearest-neighbour carbon atoms of the defective SWCNT. As the changes 
in conductance are due to the Au cluster and the nearest-neighbour carbon atoms, we 
present a tight-binding model of the Au2o-SWCNT system (C) sandwiched between two 
semi-infinite (14,0) left (L) and right (R) nanotube electrodes as shown in figure [TJ In 
this model, we consider only four nearest-neighbour carbon atoms Ai, Bi, B2 and 
which are affected by the clustejjl (the missing carbon atom site A2 is occupied by the 
Au atom) and present a simplified picture of the model and its operation. As a result, 
the "effective length" of the nanotube which is involved in transport is a few nanometers. 

The operational principle of the model is based on the changes in its conductance 
when the AU20-SWCNT system is exposed to CO gas for 30 minutes. On exposure 
to CO gas a CO molecule interacts with the Au2o cluster at an instant of time ii 

X If we consider more carbon atoms that are beyond the nearest-neighbour Au chister then there will 
be no significant change in the result as only these four nearest-neighbour carbon atoms contribute to 
the changes in the conductance. 
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which affects the hopping of electrons from the vr orbital of one carbon atom Ai to the 
neighbouring carbon atom Bi. Tunnelling of the electron from Ai to Bi is an elastic 
process with the corresponding integral referred to as the hopping integral 711 (ti) = 70 
(the hopping integral of pristine SWCNT). Then, the electron hops from Bi to A2 
(Au) with the hopping integral 712(^1), from A2 to B2 with 722(^1), from B2 to ^3 with 
723(^1) = 70) figure [TJ In a similar way, the hopping integral changes when other CO 
molecules interact with the Au2o cluster at the next instants of time ^2? ^3? ■ ■ ■ where n 
denotes the number of CO molecules interacting with the AU20-SWCNT system. This 
is how the time-dependence arises here. The time-dependent hopping integral leads 
to time- dependent Hamiltonian and Green's functions for the SWCNT. Thus, to study 
time-dependent transport through such a nano-hybrid model the time-dependent NEGF 
formalism is well suited. 



3. Nonequilibrium Green's function formalism 



Wingreenei ai [15] have studied the time-dependent electronic transport through 
a small interacting region connected to two non-interacting leads using the NEGF 
formalism where the time-dependence arises because of externally applied time- 
dependent voltages. In the present model system, figure [H the time- dependence arises 
because of the interaction of different CO gas molecules with the AU20-SWCNT system 
at different times. We start with the general expression for the time-dependent current, 
equation (6) of [L5l and modified it according to the present TB model. The time- 
dependent current flowing from the left/right electrode into the SWCNT is 

h/nit) = -| fjt'l ^Im Tr{e-(*-*')ri/^,[G<(t,t') + t')]}, (1) 

where G<{t,t') = i / dti / dt2G^c(t, ti) [El,r / £e-(t^-ti)fL/R(£)rL/R] G^(t2, t') is the 
lesser Green's function of the SWCNT, Gj^" the retarded and advanced Green's 
functions and fi/Ri^) are the Fermi distribution functions in the left (L) and right (R) 
electrodes. Here the coupling functions Fl/r = '^t^ J2aeL,R PaVa,nV* ^ are considered 
to be energy and time- independent |§| In this model, we have a slow time scale 
i = {t + t')/2 of the CO gas flow (minutes) and a fast time scale {t — t') of electron 
transport inside the SWCNT (~ 10~^^ s — 10"^'' s). So we expand equation (1) by 
expanding the Green's function up to linear order in the slow time variable i using 
adiabatic expansion ^M. [T7] . Then, taking the Fourier transform with respect to 
the fast time variable [T7j we find that the zeroth and first order contributions to 
the total current in terms of t is I it) = + with the Green's functions: 

C^'^it-t'^t) = G(°)"''^(t-t',f) + GW"''^(t-t',t), where G^^^'^'^t -t' ,t} = C^'^it -t' ,t}\t=t 
and G(i)'''''(t - t',t) = {^^)^^{t - t',i)\t=t are the zeroth and first order Green's 
functions. After taking the Fourier transform with respect to (t — t') the Green's 
functions become G"^''^(e,t) = G^^^'^ie,!) + G''^>'''{e,i). 

§ as (i) the time-dependence arises as different number of CO molecules interact with the Au2o-SWCNT 
complex at different times and (ii) the applied potential is time-independent. 
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The time-dependent Green's function for the complete electrode- (AU20-SWCNT)- 
electrode system, figure [H is given by G{e,t) = [e — H{t)]~^, where e = e ± ir/ with ir/ 
an infinitesimal imaginary term. H{t), the Hamiltonian at time t corresponding to the 
AU20-SWCNT system and the two SWCNT electrodes L and R is given by 



Hit) 
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where -f^{L,R} are the electrode Hamiltonians and He is the time-dependent TB 
Hamiltonian for the SWCNT with matrix e\ements:HAiA,=£Ai{i), H b^b^=£ Biit) ■, the 
on-site energy and HA,B=HB,A=1ii{t) |2], Hb,a,+^= Ha.+^b, = 7i,i+i(^, the hopping 
integrals, /ilc and hcR are the coupling matrices between the left, right electrodes and 
the SWCNT. 

Using the Hamiltonian Hc{t) the time-dependent nonequilibrium retarded and 
advanced Green's functions for the SWCNT can be derived as GQ'^{e,i) = 
[e - Hc{i) - Sl - where Sl = /i[c5'L(e, ^)/iLC and Sr = /icRfl'R(e, ^^cr are the 

self-energy terms due to left and right electrodes with 5'{L,R}(e, ^) = [e — -f^{L,R}(^)]^^ the 
Green's functions of the electrodes. 



4. Results and discussion 

4.1. Zeroth order time- dependent Green's function for the SWCNT 

For the Hamiltonian Hc{i), we explicitly calculate the zeroth order time-dependent 
retarded Green's function in a 5 x 5 matrix form 
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Here we assume that the coupling to the electrodes effectively gives rise to a finite 
imaginary term in the self-energies which is larger than ir] [12] at all times. Therefore, we 
drop the term ir] in the Green's function matrix for the SWCNT. The self-energy terms 
S{L,R} are related to the coupling functions hence are also energy and time- independent. 



4.2. Zeroth order time- dependent Landauer formula 

The zeroth order Green's functions (G'-^-'^''"'") give the zeroth order current. Applying 
the adiabatic expansion to equation ([T]) the expression for the zeroth order current is 



j(0) 
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X 

L,R 



xGP^{t-t',t±^ 
After taking the Fourier transform and using 

1(0) (t) = x/f^ - (1 - x)lP with 
r^, = AF/j, and fixing the arbitrary parameter x = 1/(1 + A), where A is the constant 
of proportionahty [H], a simple expression for the total current through the SWCNT is 
derived as 

= lj^ Tr{T^G^^\e^t)T^G^^'^\ert))[k{e) - /r(^)], (5) 

where I^'^^it) is identified as the Landauer formula [HI HH HB] that depends on 
the slow time variable with T{e,t) = Tr(FLG'c^'"(£:, t)FRG(?'*'^(£, t)) the transmission 
function of the system and F{l,r} = i[S{L,R} — describe the electrode-SWCNT 

coupling. Considering only the first element of the Fl matrix (F[|'|]^(t)^ and the last 
element of the Fr matrix (Fp'55(f)^ the transmission function is found to depend 
only on one off diagonal element of the Gc{£,i) matrix (GQll^'°'{e,t)'^ and is given by 

To derive an explicit expression for the conductance, we consider linear response 
[T2] as the experiment is performed with low bias. In linear response, equation ([5]) 
becomes 5I^^\i) = f / ^T{e,i)S[f{e — /xl) — f{£ — /Ur)] where /^{l^} are the chemical 
potentials associated with the left and right electrodes [12]. This equation leads to the 
conductance given by: ^^(t) = = ^ / ||T(e, ) = ^T(e^,t) on using 



6[f {e - fiL) ~ f {e - fin)] = (/"l - yUR)(-|f ) and = 6{ef-e) where ej is the Fermi 



(A»L-m)/e 

de ' ^ de ■ 

energy. 

To calculate the transmission function we use Ti^\'^{t) = — 2/m(SL,ii(t)) = 
— 2/mSL(t) and F|^55(f) = —2/m(SR 55(f)) = — 2/mSR(f), and the explicit value of 
^ci5 "(^5 f) can be obtained from equation (3). Hence the expression for the transmission 
function for the AU20-SWCNT system in the presence of CO molecules is derived as 

Equation (jS]) gives an explicit formula for the transmission function indicating the 
dependence of the transmission function and conductance on the time-dependent 
hopping integrals and on-site energies. 



4-3. First order contribution to the current 



Using the adiabatic expansion and substituting the equation for G^^^(t — t',t) we also 
derive the first order contribution to the current 

I^nit-t'^t) = -| fjt'J / dt, j dt,GP\t - t,,t) 
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Taking the Fourier transform the expression for the first order current becomes 



The contribution of equation (JHl) is small compared to /'^^^(f) as G^^''^'°'{t — t',i) = 
(^)^^(t - t',t)\t=t and the fast time variable {t - t') ~ 10"^^ s - 10~^^ s. Therefore, 
we have not included the first order contribution to the final result. Hernandez et 
a/.[T7] have also calculated the time-dependent zeroth and first order contributions to 
the current for a quantum dot where they have found a relevant contribution of the first 
order term. Hence, there could be future experiments in which the first order term is 
enhanced {e.g., when ^^^^ ~ and equation ([8]) becomes significant. 

4.4- Theory and Experiment 

To compare theory and experiment we explicitly calculate the average values of the 
normalized conductance (^'■°^(f)/^o) for Au clusters with CO molecules where Qq is 
the conductance for the bare system for a 5 x 5 matrix using equation The 
hopping integral is defined as 7 =< f^Ai^ — Ra)\Hc\'{>b{j' — Rb) >, where ipA and 
(PB are the atomic wavefunctions of the carbon atoms A and B, and Ra(b) are their 
position vectors. Using the standard wavefunctions, 7 can be found to have the form 
7(Aa(t)) = 7oexp(— Aa(t)/ao), where the parameter 70 = 2.0 eV is the hopping integral 
without the Au and CO molecules and ao = 0.33A. Similar parameterization was done 
by Sood et al. in [19]. In the experiment |T0], the calculations show that adsorption at 
the Au2o corner sites is the most energetically favourable configuration for the adsorption 
of CO molecules than the edge sites. However, the experimental result (figure 4(c) of 
|10j ) is for an ensemble of larger Au clusters. At any instant of time the CO molecules 
can be on a combination of corner and edge sites of the Au clusters hence the different 
changes in the conductance arising due to the CO molecules at the edge and corner sites 
is neglected and is assumed to be an average value. Aa(t) is a parameter which includes 
the effects of the CO and Au molecules on the charge distribution and the nearest- 
neighbour carbon-carbon distance of the SWCNT. 7(Aa(t)) is the modified hopping 
integral due to the interaction of CO molecules with the Au-SWCNT system at each 
t. As we are interested in electronic transport properties (conductance), the effect of 
the hopping integral, i.e., hopping of electrons between the adjacent carbon atoms is 



li/R{^ = -UmTr 
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more significant than the on-site energy. Hence, the contribution of the on-site energy 
to the conductance is suppressed. In the calculation, we fix the parameters Aa(t) and 
£f{t) for each interaction time. A set of the values of these parameters is chosen which 
best fits the experimental result. These parameters carry the information about the 
dopants, Au and CO molecules. The effect of these molecules on the conductance can 
be seen from the variation of these parameters with time, figure 2, causing a decrease 
in the conductance. The interaction of CO molecules with Au-decorated SWCNT at 
each t causes charge redistribution in the system, leading to a partial charge transfer 
from the Au-CO complex to the SWCNT. This deforms SWCNTs which changes the 
carbon-carbon distance and affects the wavefunctions and the hopping integral, and 
hence changes the sensor response. This charge transfer and the resulting changes in C-C 
distance increase (occ becomes more negative) with time as more and more CO molecules 
interact with the Au-SWCNT, as indicated by increasing negative values of Aa(t) with 
time t in figure 2(a). This enhances the hopping integral 7jj(Aa(f)) = 7oexp(Aa(t)/ao)) 
as shown in figure 2(b), which represents the variation of the hopping integral with 
respect to the CO exposure time and the inset shows its variation as a function of the 
parameter Aa(t). As a result, the energy bands of the SWCNT change locally which 
shifts the position of the Fermi level away from the valence band of the central SWCNT 
(as also reported in Ref. [20]), indicated by increasing values of with t in figure 2(c) 
and with Aa(f) in the inset. This reduces the hole carrier concentration and hence the 
conductance of the SWCNT, which is consistent with the experiment. Figure 3 compares 
the plot between the normalized electrical conductance, calculated by fixing Aa(f)(A) 
and £/(f)(eV), and the experimental conductance with respect to exposure time of CO 
molecules. Hence, the formula reproduces the normalized electrical conductance plot of 
the experiment. This direct connection between theory and experiment represents an 
important effort towards conceptual understanding of the experiment, i.e., the effect of 
dopants on the electronic transport in the system. 



4-5. Autocorrelation function 

We find a novel way of studying the sensor response by calculating the fluctuations, 
autocorrelation function (ACF) |2T], of sensor response shown in figure [3l The 
autocorrelation function is defined as 

■"^"^ = T.um-5r ■ 

where Q{t) = Q^^^{t)/QQ is the normalized conductance at time i and Q = \ Hi=i is 
the mean of the conductance, n is the total number of observations and k = 1, 2, 3 ■ ■ ■ K 
is the time lag, where K < n. 

The autocorrelation is a mathematical tool which is used for finding patterns and 
degree of randomness in a series of values {e.g., time series). It represents the correlation 
of a variable with itself at two different times [21]. Figure 4 shows ACF plot which 
starts with a positive autocorrelation that decreases and becomes negative as the time 
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lag increases. The ACF plot gives a pattern for the conductance which is a signature 
of strong correlation between the data points indicating non-randomness in the sensor 
response and signifies the sensitivity of the sensor. Hence, ACF is useful in finding the 
pattern of the sensor response. Again we find that theory reproduces experiment in 
the ACF plot. This result suggests that ACF can be useful to study and compare the 
sensitivity of the same device for various other toxic gases by comparing the pattern of 
the sensor response for different gases (here the result is shown for CO gas) and may 
also be useful for other low-dimensional systems such as sensors based on graphene. 

5. Conclusions 

We present theoretical understanding of the electronic transport in Au-decorated 
SWCNTs during CO gas adsorption. We derive an explicit formula for the transmission 
function in terms of the time-dependent hopping integrals and the on-site energy using 
the time-dependent NEGF formalism and report on the calculation of conductance by 
considering a form for the hopping integral as shown in figure El The set of equations ([5]) , 
([6]) and ([8]) are the major results of this manuscript and have been reported for the 
first time for the Au-SWCNT system used for CO gas detection. Equation ([5]) is the 
zeroth order current which is the time- dependent Landauer formula. The dependence 
of the transmission function and conductance on 7(f) and £a/b(^ has been given by 
equation (jH]). Equation ([8]) represents the first order contribution to the current which 
is small. Hence this phenomena of electronic transport is essentially described by the 
Landauer formula evaluated at each time t. The formula for the transmission function 
is then used to compare the theoretical results with the experiment. We find the 
formula quantitatively reproduces the experimental result [10]. The model gives a 
set of parameters that best fits the experiment. We also calculate and compare the 
ACF for the sensor response of the theory and experiment and find the results are in 
agreement, figure HI We observe a strong correlation in the sensor response indicating 
the sensitivity of the Au-decorated SWCNT sensor. Hence, ACF is found useful in 
recognizing the pattern of the sensor response. 

This work is an attempt at a microscopic study of time-dependent quantum 
transport in Au-decorated SWCNT sensors using the NEGF formalism and presents 
an important contribution towards a conceptual understanding of how the Au and CO 
molecules change the experimentally observed conductance of the nanotube. Such a 
detailed investigation of these nanostructures is needed which will give insight into a 
microscopic understanding of the fundamental science of molecule-CNT nanohybrids 
that will be useful to tailor the properties of CNTs for beneficial applications. This 
theoretical approach can be applied to other low-dimensional structures such as CNT, 
graphene and systems functionalized with DNA [22| [23] for sensing applications. 



Electronic transport in carbon nanotubes decorated with gold clusters 10 
Acknowledgments 

This work has been supported by the Council of Scientific and Industrial Research 
(CSIR) and the University Faculty R&D Research Programme. 



Electronic transport in carbon nanotubes decorated with gold clusters 



11 



[1] lijima S 1991 Nature 354 56. 

[2] Saito R, Dresselhaus G and Dresselhaus M S 1998 Physical properties of carbon nanotubes (London: 

Imperical College Press) 
[3] Penza M, Rossi R, Alvisi M, Cassano G and Serra E 2009 Sen Actuator B 140 176. 
[4] Bittencourt C, Fclten A, Espinosa E H, lonescu R, Llobet E, Correig X and Pireaux J-J 2006 Sen. 

Actuator B 115 33. 

[5] Penza M, Rossi R, Alvisi M, Cassano G, Signore M A, Serra E and Giorgi R 2008 J. S'ens.Article 

ID 107057 8 pages. 
[6] Kong J, Chaplinc M G and Dai H 2001 Adv. Mater. 13 1384. 

[7] Star A, Joshi V, Skarupo S, Thomas D and Gabriel J C P 2006 J. Phys. Chem. B 110 21014. 
[8] Lu Y, Li J, Han J, Ng H-T, Binder C, Partridge C and Meyyappan M 2004 Chem. Phys. Lett. 
391 344. 

[9] Kauffman D R and Star A 2007 Nana Lett. 7 1863. 
[10] Kauffman D R, Sorescu D C, Schofield D P, Allen B L, Jordan K D and Star A 2010 Nano Lett. 
10 958. 

[11] Meir Y and Wingrecn N S 1992 Phys. Rev. Lett.68, 2512. 

[12] Datta S 1995 Electronic Transport in Mesoscopic Systems (Cambridge: Cambridge University 

Press) pp 88-89. 
[13] Nardelli M B 1999 Phys. Rev. B60 7828. 

[14] Haug H J W and Jauho A P 2008 Quantum kinetics in transport and optics of semiconductors 

(New York: Springer, Berlin Heidelberg) 
[15] Wingreen N S, Jauho A P and Meir Y 1993 Phys. Rev. B 48 8487. 
[16] Kicnlc D and Leonard F 2009 Phys. Rev. Lett.103 026601. 

[17] Hernandez A R, Pinheiro F A, Lewenkopf C H and Mucciolo E R 2009 Phys. Rev. B 80 115311. 
[18] Datta S 2007 Quantum Transport: Atom to Transistors (Cambridge: Cambridge University 
Press)p 235. 

[19] Ghosh S, Gadagkar V and Sood A K 2005 Chem. Phys. Lett. 406 10. 
[20] Yin L C, Cheng H M, Saito R and Dresselhaus M S 2011 Carbon 49 4774. 

[21] Cooray T M J A 2008 Applied Time Series Analysis and Forecasting (Delhi: Narosa Publishing 
House) p 106. 

[22] Staii C, Johnson Jr A T, Chen M and Gelperin A 2005 Nano Lett. 5 1774. 

[23] Lu Y, Goldsmith B R, Kybert N J and Johnson A T C 2010 Appl. Phys. Lett. 97 083107. 



Electronic transport in carbon nanotubes decorated with gold clusters 



12 




Figure 1. Schematic view of adsorption of CO molecules at the Au2o cluster surface 
on a semiconducting (14,0) SWCNT with a missing carbon atom defect at site A2. 
Au atoms are yellow solid circles, C atoms are blue solid circles with outline, and O 
atoms are red empty circles. L, R indicate the left and right nanotube electrodes and 
C denotes the AU20-SWCNT system. The arrow indicates the path of transmission. 
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Figure 2. Variation of (a) Aa(<)(A) with time t (min), (b) 7^ (Aa(F))(eV) with time 
i(min) and Aa{t) (inset) and (c) e/(?)(eV) with time f(min) and Aa(i)(A) (inset). 
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Figure 3. The average sensor response for Au-decorated SWCNTs with CO molecules 
adsorbed at the Au surface. The experimental data are reproduced with permission 
from Nano Lett. 10 (2010) 958. Copyright 2010 American Chemical Society. 
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Figure 4. Experimental (empty bars) and theoretical (solid bars) autocorrelation 
function plots. 



